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Extracardiac Lateral Tunnel Modification 
of the Fontan Procedure 
Charles B. Huddleston 
The extracardiac lateral tunnel version of the Fontan 
procedure involves direct attachment of the superior 
vena cava (SVC) and inferior vena cava (IVC) to the 
pulmonary artery. The SVC anastomosis is a direct 
end-to-side connection as a bidirectional Glenn shunt. 
That which typifies this modification of the Fontan 
growth of the extracardiac connection between the IVC 
and pulmonary artery by incorporating a portion of the 
epicardium of the right atrium as part of the wall of the 
tunnel. 
Advantages . -  
procedure is the manner in which the IVC is anasto- 
mosed to the pulmonary artery. In this procedure, the 
IVC is disconnected from the right atrium and attached 
to the pulmonary artery using an open conduit as an 
interposition graft to form a tunnel in which a portion of 
the epicardium of the right atrium is a part of the wall of 
the baffle leading up to the pulmonary artery anastomo- 
sis. 
Historical Perspectives 
This operation is the latest evolution in right heart 
bypass procedures that began with experimental work 
in the 1940s and 1 9 5 0 ~ ’ - ~  and continued through the 
early clinical work of Glenn et a W  and Fontan and 
B a ~ d e t . ~  As clinical experience increased, it became 
clear that having a valve in the circuit-ither at the 
IVC-atrial junction or at the atrio-pulmonary connec- 
tion-was not necessary, and further was potentially 
harmful should the valve degenerate and become ste- 
no ti^.^,^ It also became clear that the right atrium did 
not contribute significantly during atrial systole to 
enhance forward flow into the pulmonary arteries. De 
Leva1 et all0 showed the favorable fluid dynamics of the 
total cavopulmonary type of Fontan procedure com- 
pared with the atrio-pulmonary connection. lo Bridges 
et all1 showed that fenestrating the cavopulmonary 
connection to allow a controlled residual right-to-left 
shunt reduced the operative risk and possibly reduced 
the risk of pleural effusions following the Fontan 
procedure. The Mayo clinic group12 reported on their 
techniques for handling complex systemic and pulmo- 
nary venous anomalies, one of which was to create an 
extracardiac conduit for connecting the IVC to the 
pulmonary artery.’* Marcelletti et all3 reported an 
early series of patients undergoing extracardiac Fontan 
for more conventional single ventricle anatomy using a 
conduit (rather than a tunnel). Finally, Laschinger and 
 colleague^'^ modified this technique further to create an 
extracardiac lateral tunnel to allow for the potential for 
v 
The extracardiac lateral tunnel modification combines 
the fluid dynamic advantages of the cavopulmonary 
connection with a number of other potential advan- 
tages. Unlike all other modifications of the Fontan 
procedure, this operation can be performed without 
any interval of myocardial ischemia. The IVC must be 
cannulated in a very low position, frequently below the 
level of the diaphragm. A clamp is placed just above the 
junction of the IVC with the right atrium and the IVC is 
divided there with the atrial portion oversewn. All other 
parts of the connection of the IVC to the pulmonary 
artery are then performed outside the heart. Because 
there will not be an interval of myocardial ischemia, 
cardiac contractility and diastolic function should be no 
worse in the immediate postoperative period than it was 
before the procedure. The avoidance of the need for 
aortic cross-clamping also means that less dissection of 
the mediastinum and pericardium is necessary in pa- 
tients who have frequently had at least one prior 
cardiac procedure leaving behind adhesions around the 
heart and great vessels. 
Thromboembolic events after a Fontan procedure 
are not at all u n ~ s u a l . ’ ~  By having the conduit com- 
pletely outside the right atrium, there will not be any 
foreign material exposed to the systemic circulation. 
This does not eliminate the risk of “right-sided” 
thrombi from forming, nor does it eliminate the risk of 
paradoxical emboli should a fenestration be present. 
With those exceptions, the potential for thrombotic 
emboli to the systemic circulation should be very low. 
Atrial tachyarrhythmias are very common after both 
atriopulmonary and cavopulmonary modifications of 
the Fontan procedure. 16,17 Recent laboratory research 
into the underlying mechanisms of these arrhythmias 
suggests that the atrial suture lines used to create these 
connections are critical to the generation of these 
arrhythmias by establishing an area of atrial conduc- 
tion block around which a flutter circuit might propa- 
gate.18 Modifications in some of the technical details of 
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the operations could have a significant impact on the 
incidence of the rhythm disturbances. 19,20 In the extra- 
cardiac lateral tunnel modification, the suture lines are 
not necessarily placed full thickness and thus would not 
create a region of block around which an atrial flutter 
circuit might propagate. However, this issue with the 
extracardiac modification is as yet unresolved. 
Should a fenestration be desired, one can be easily 
placed. Although this procedure is extracardiac, the 
anatomic right atrium becomes a pulmonary atrium 
because it will connect only with the pulmonary venous 
blood as well as the coronary sinus blood. Thus, placing 
a defect between the extracardiac baffle and the right 
atrial wall provides the fenestration. This can be 
accomplished easily in the operating room and is also 
relatively simple to perform as an interventional cath- 
eterization procedure following the repair. 
The coronary venous blood returns via the coronary 
sinus into the low-pressure atrial side after the extracar- 
diac lateral tunnel procedure. This produces a small 
obligatory right to left shunt. However, most consider 
this an advantage on the basis of improved coronary 
blood flow and possible reduction in myocardial edema.'l 
Finally, it is virtually impossible for there to be an 
inadvertent baffle leak as can occur with the intra- 
atrial lateral tunnel procedure. The suture line for the 
intra-atrial lateral tunnel or cavopulmonary connection 
is placed through an area of trabeculation near the 
orifice of the superior vena cava. It is not uncommon 
for there to be a leak around the baffle through an area 
of trabeculation producing an uncontrolled fenestra- 
tion that will produce a variable degree of right to left 
shunting. 
Disadvantages 
The surface over which the venous blood must traverse 
following the extracardiac Fontan procedure would 
seem to be quite thrombogenic. This surface is in part 
the epicardium of the right atrium. Most of these 
patients have had at least one prior median sternotomy 
and thus have formed adhesions over the right atrium. 
The surface of the right atrium following adhesiolysis of 
the heart has abundant exposed collagen. For that 
reason, I believe it is important that these patients 
undergo anticoagulation. I administer heparin on the 
second postoperative day and continue this for 5 days 
thereafter. Some recommend warfarin therapy for as 
long as one year,22 but the need for regular checks on 
the prothrombin time in these children whose venous 
access is frequently suboptimal make this an inconve- 
nient option for the patients and parents. In light of this 
and the fact that there is no known benefit from 
long-term anticoagulation for these patients, I opt for 
the use of aspirin beyond the period of heparin and 
continuing on for life. 
Another disadvantage is the large amount of pros- 
thetic material necessary. This connection clearly in- 
volves a greater distance for the tunnel than with the 
intra-atrial lateral tunnel. The impact of this is unclear, 
however, but theoretically may predispose the tunnel to 
thrombus formation and obstruction. Although a vari- 
ety of prosthetic materials can be used, I prefer aortic 
homografts because of their ease of handling for suture 
placement and lower risk of thrombus formation. 
Finally, the risk of late obstruction and the potential 
for growth are unknown. What effect the external 
compression on the short segment of outer right atrial 
wall has is clearly unknown. Although the segment of 
right atrial wall incorporated in the baffle should allow 
for growth in the diameter of the baffle as the child 
grows, this is also an issue needing resolution. 
Candidates for Operation 
Any patient who would otherwise be a candidate for a 
Fontan procedure on the basis of the physiology and 
anatomy of the pulmonary vasculature and single ven- 
tricle, would be an appropriate candidate for this 
modification. In addition, some patients who have 
undergone a prior Fontan procedure of an atriopulmo- 
nary type and develop complications, such as right 
pulmonary vein obstruction or thrombus formation, 
can be converted to the extracardiac type of lateral 
tunnel Fontan procedure.23 Anatomic variants may 
complicate this procedure. If the hepatic veins enter the 
right atrium separately from the IVC, it may be very 
difficult to include them with the IVC in this tunnel. If 
the right atrium is massively enlarged, it may need to be 
reduced in size to accommodate the space for the 
conduit from the IVC to the pulmonary artery. These 
are obviously quite rare exceptions and thus nearly all 
patients with single ventricle physiology are potential 
candidates for this modification of the Fontan proce- 
dure. 
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SURGICAL TECHNIQUE 
Hepatic veins 
1 The sternum is opened in the usual fashion and the heart is dissected out of the pericardial 
scar. It is generally not necessary to dissect out the left side of the heart except that which is 
necessary for adequate visualization of the IVC. The IVC must be dissected out below the level of 
the diaphragm down to the insertion of the hepatic veins. This allows sufficient room for 
Cannulation, dividing the IVC off the heart, and for mobilization to allow the posterior rim of the 
IVC to reach the epicardial surface of the right atrium. The SVC is also dissected out along nearly 
its entire length so that it may be cannulated in a superior position. Aortic cannulation is in a 
convenient position for the given anatomy because aortic cross-clamping and cardioplegia are not 
necessary elements of the basic procedure. However, should concomitant procedures be 
necessary, this should be modified accordingly. In the illustrations provided, the patient has not 
previously had a bidirectional Glenn shunt. 
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2 The bidirectional Glenn 
anastomosis is performed 
first. (A) The caval tape on 
the SVC is tightened. A vascu- 
lar clamp is applied to the 
SVC just above the cavo- 
atrial junction. The SVC is 
divided and the cardiac end 
oversewn. The right pulmo- 
nary artery is controlled ei- 
ther with vascular clamps or 
with tapes and tourniquets. 
The superior aspect of the 
right pulmonary artery is 
opened sufficiently to accom- 
modate the orifice of the SVC 
without narrowing it. An end- 
to-side anastomosis is then 
performed to complete this 
portion of the procedure and 
the clamps on the right pulmo- 
nary artery are  removed. I 
prefer monofiiament absorb- 
able suture for this anastomo- 
sis because this is frequently 
done in children under 3 years 
of age. In this figure, the 
main pulmonary artery has 
been divided and oversewn. 
A 
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2 (Continued) (B) The completed bidirectional Glenn shunt. 
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3 The dissection along the 
right atriumJIVC junction is car- 
ried superiorly to the inferior 
pulmonary vein on the right. A 
vascular clamp is placed across 
the base of the IVC as it enters 
the right atrium. Actually this 
clamp is placed on the right 
atrial side so that a small rim of 
the right atrial tissue is left on 
the IVC after it is divided. Hav- 
ing the right atrium freed from 
its attachments to the pericar- 
dium posteriorly up to the level 
of the inferior pulmonary vein 
facilitates this. The caval tape is 
tightened and the incision is 
placed so that a minimum of 
tissue is left to close over the 
right atrial side of the inferior 
cavo-atrial junction. 
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4 A portion of the cir- 
cumference of the IVC is 
now sewn to the epicar- 
dium of'the right atrium. I 
choose a place just supr- 
rior to the suture line clos- 
ing the cardiac end of the 
divided IVC so that this 
suture line can he ex- 
cluded from the path of 
blood in this tunnel. This 
suture line is placed in a 
curvilinear fashion and in- 
volves approximately 25% 
or 1.5 cm of the circumfer- 
ence of the open end of 
the IVC. The anterior 
limit of this suture line is 
placed anterior to the 
crista terminalis and the 
posterior limit is just pos- 
terior to the crista and on 
line with the atrial groove. 
Car? must be taken in the 
retraction to expose this 
because the retraction will 
pull the anastomosis apart 
and can thus tear the tis- 
sue. 
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Aortic homograft prepared for 
use as lateral tunnel 
5 The homograft is now prepared. I prefer a thoracic 
aortic nonvalved homograft rather than ascending aorta or 
pulmonary artery. The size chosen must obviously be matched 
to the size of the patient and thus the size of the IVC. By using 
the wall of the right atrium as part of the tunnel, there is some 
flexibility of size possible given the limited availability of 
homografts. Having the most distal portion of arch is also 
helpful because this provides a natural arc for the anastomo- 
sis to the orifice of the IVC. All the intercostal branches must 
be ligated. I then open the homograft tube longitudinally and 
inspect the endothelial surface. It is not uncommon to find 
the orifice for a small branch that was not seen on the 
adventitial side. 
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6 (A) This shows how the open homograft tube fits on the orifice of the NC and the wall of the 
right atrium. Approximately 1 to 1.5 cm width of atrial wall is included as part of the baffle. The 
suture lines in the epicardium of the right atrium are positioned so as to avoid the crista 
terminalis and sinoatrial node. 
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6 (Continued) (B) One end of 
the homograft is sewn to the remain- 
ing circumference of the IVC. Each 
end of the suture used to attach the 
posterior portion of the IVC to the 
epicardium of the right atrium is 
secured to the suture used to anas- 
tomose the homograft to the remain- 
ing circumference of the IVC. 
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7 TWO parallel suture lines are 
placed attaching the open length of 
the homograft tube to the epicar- 
dium of the right atrium. The poste- 
rior suture line is placed first be- 
cause it is somewhat difficult to see 
this if the anterior suture line is 
placed first. The posterior suture 
line is best placed in the atrial 
groove just anterior to the pulmo- 
nary veins. This is well away from 
the rrista terminalis. The anterior 
suture line is in the body of the 
right atrium about 10 to 12 mm 
anterior to the posterior suture 
line. This should be anterior to the 
crista terminalis. I do not make any 
attempt to place these full thickness 
in the right atrium and in fact 
prefer not to. This avoids the cre- 
ation of a line of conduction block 
that might then participate in the 
initiation and maintenance of su- 
praventricular tachyarrhythmias. 
Given the low venous pressures to 
which this conduit will be sub- 
jected, the likelihood of a pseudoan- 
eurysm of the suture line is ex- 
tremely low. Should a fenestration 
be necessary, it can be placed at 
any time during the construction of 
the tunnel. My preferred technique 
is to use an aortic punch 4 or  5 mm 
in diameter. A pursestring suture is 
placed near the proposed suture 
line for the homograft-epicardium 
of the right atrium. The hole is 
punched and a tourniquet is ap- 
plied to the pursestring. While do- 
ing this, it is best to occlude the 
SVC cannula and allow blood flow 
through the lungs to get enough 
blood into the right atrium (which 
is now receiving only pulmonary 
venous and coronary venous blood) 
to prevent air embolus while punch- 
ing out a hole. The sutures for the 
pursestring are brought out through 
a part of the right atrial wall away from the proposed suture line for the homograft attachment to the right atrium. After 
completion of the extracardiac tunnel and de-airing it, the pursestring suture is loosened to open up the fenestration. If the 
fenestration fails to open with loosening of the pursestring, a small Hegar dilator can be passed through a stab incision in the 
homograft and then used to probe the area of the fenestration. The stab incision is then easily repaired. The pursestring may be 
removed or attached to a tourniquet and left in the subcutaneous position to be tightened later for closure. If the fenestration is 
to be closed later, it is best done during cardiac catheterization when the hemodynamic impact can be objectively assessed. 
216 CHARLES B. HUDDLESTON 
8 As the superior portion of the right atrium is approached, attention is diverted back to the 
pulmonary artery. At this point, the proximal and distal pulmonary arteries are controlled either 
with clamps or tourniquets. The inferior aspect of the right pulmonary artery is opened. This 
arterotomy is carried out laterally onto the pulmonary artery beyond the origin of the main upper 
lobe branch. The posterior portion of this arterotomy is then sewn to the epicardium of the 
previously divided SVC a distance similar to the distance between the anterior and posterior 
suture lines for the homograft-epicardium of the right atrium anastomosis. This accounts for 
approximately 25% of the entire circumference of the pulmonary arterotomy in general. In the 
situation where there has been a prior Glenn anastomosis in the remote past, it may be difficult to 
identify the SVC or the SVC might be foreshortened to such an extent that it wiU not reach the 
right pulmonary artery. In this case, I sew the portion of the circumference of the right 
pulmonary arterotomy to the posterior pericardium or mediastinal tissue just inferior to it. 
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9 (A) The homograft-epicardium of the right atrium anastomosis is then completed by running the 
suture lines up along either side of the SVC to the point of anastomosis of the pulmonary artery to the 
epicardium of the SVC. If the pulmonary artery had been anastomosed to the posterior pericardium the 
suture lines for the homograft are run from the epicardium of the right atrium onto the posterior 
pericardium to the level of the pulmonary artery. The homograft length is then trimmed and beveled 
appropriately to provide a smooth contour in its course to the pulmonary artery. This open end of the 
homograft is then sewn to the remaining open circumference of the pulmonary artery. (B) Occasionally the 
pulmonary arterotomy must be extended superiorly to provide appropriate size match to the open end of 
the homograft. 
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10 The finished product. Once off cardio- 
pulmonary bypass, the pressures in the venous 
system are checked throughout to look for 
gradients. 
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COMMENTS 
Technical Issues 
Compared with the intra-atrial lateral tunnel proce- 
dure, the cardiopulmonary bypass time for the extracar- 
diac modification is usually longer (117 ZI 107 minutes 
on average in my experience) due in part to the longer 
suture lines necessary for the reconstruction and baffle 
placement. The absence of myocardial ischemia may be 
of major benefit for the occasional patient with border- 
line ventricular function. Further, because the aorta 
does not need to be cross-clamped, the great vessels do 
not need to be extensively dissected out. This may be of 
particular benefit in patients who have had prior 
Norwood reconstruction for hypoplastic left heart syn- 
drome nr a Damus-Kaye-Stansel procedure, which 
typically produce quite significant adhesions around 
the base of the heart and great vessels. A variety of 
materials have been used for construction of the tunnel 
or baffle including pericardium, polytetrafluorethylene 
(PTFE), Dacron, and homograft tubes. My own prefer- 
ence is homograft material because of its ease of 
handling and low thrombogenecity. However, it is much 
more expensive. At our center, the cost to the hospital 
for a segment of thoracic aortic homograft tube is 
between $1,700 and $3,500, whereas the same size 
PTFE is around $250. That cost differential would be 
reduced when one takes into consideration the potential 
need for warfarin and frequent checks on the prothrom- 
bin time as well as the cost of a single complication 
whether it be bleeding or thrombosis. Having said that, 
there are no data to suggest that homograft is superior 
to synthetic materials in this procedure. 
Postoperative Care 
These patients are treated much like any other post- 
Fontan type of patient regardless of the modification 
used. In general, early extubation is desirable because 
negative intrathoracic pressure results in lower central 
venous pressure relative to what it would be with 
positive intrathoracic pressure accompanying mechani- 
cal ventilation. Generally speaking, volume expansion 
associated with the use of vasodilators to augment the 
cardiac output is preferable to inotropic agents that 
also possess some qualities of vasoconstriction. Because 
the aorta does not need to be cross-clamped to perform 
the extracardiac modification of the Fontan procedure, 
there is seldom a need for significant inotropic support. 
Pleural effusions are the most common troublesome 
complication early after the Fontan procedure. Al- 
though the precise cause is unknown, these effusions 
are likely related to the degree of elevation of the 
central venous pressure and the degree of aorto- 
pulmonary collateral formation. There is nothing about 
this technique that would tend to reduce these two 
factors more favorably than other modifications of the 
Fontan procedure except for the potential of a lower 
central venous pressure. Because there is no interval of 
myocardial ischemia, ventricular function should be 
better preserved than with other modifications, and 
thus, filling pressures would likely be lower to attain the 
same cardiac output. 
Anticoagulation following the Fontan procedure is a 
controversial issue. One distinct disadvantage of the 
extracardiac modification is that there is extensive 
exposure of the blood in the venous pathway to nonen- 
dothelialized surfaces. Some place all these patients on 
warfarin for an  extended period of time because of this. 
My own preference is to begin heparin therapy on the 
second postoperative day and continue it for 5 days at 
therapeutic levels. The patient is then switched to 
aspirin once a day as the only anticoagulant and is 
instructed to continue that for life. Although this is far 
from perfect, it is a relatively simple, uncomplicated 
approach that has thus far  been effective at our center. 
Arrhythmias in the form of junctional rhythm caused 
by sinus node dysfunction and atrial flutter are fre- 
quent complications of the many modifications of the 
Fontan procedure. We have laboratory evidence show- 
ing that sinus node dysfunction is a direct consequence 
of injury to both the sinus node and crista terminalis, 
and that if the crista terminalis is spared of injury, sinus 
rhythm will persist even if the sinus node at the 
cavo-atrial junction is injured. That is the reason for 
making every effort to spare the crista terminalis in 
constructing this tunnel. Atrial flutter occurs in the 
setting of an  area of conduction block within the atrium 
in association with the substrate, which might produce 
atrial extrasystoles. If one is able to avoid the full 
thickness of the atrial wall with the suture lines for the 
tunnel, it is unlikely that a line of conduction block will 
be produced. We are currently studying this phenom- 
enon in both the laboratory and clinical settings. 
Comparing the intra-atrial lateral tunnel Fontan proce- 
dures with the extracardiac lateral tunnel Fontan 
procedures at our center, there is a significant reduc- 
tion in the incidence of sinus node dysfunction and 
atrial flutter in patients undergoing the extracardiac 
lateral tunnel modification of the Fontan operation. 
However, the follow-up on the patients undergoing the 
extracardiac procedure is much shorter. Therefore, 
final disposition on this issue must await a longer 
postoperative interval. 
SUMMARY 
The extracardiac lateral tunnel modification of the 
Fontan procedure has produced early results at least 
comparable to the more conventional intra-atrial lat- 
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era1 tunnel popularized by de Leval and others. How- 
ever’ Some remain such as the growth 
potential of this connection between the IVC and 
pulmonary artery, the risk of development of obstruc- 
tion somewhere along the tunnel, the risk of thrombus 
formation, and the effect on atrial arrhythmias. I would 
anticipate at least 5 additional years of folknv-up of 
these patients before some of these concerns can be laid 
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